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TELEPI-IOTO OBJECTIVE 

This application is a continuation of application Ser. 
No. 139,764, ?led Apr. 14, 1980, now abando'nerk 

BACKGROUND OF THE INVENTION 
This invention relates to objectives for telephoto 

lenses and more particularly, to telephoto objectives 
suitable for close-up photography. 
Most photographic objectives are focused by moving 

their constitutent components as a single unit. How 
ever, it is possible to focus an objective by moving 
either its front component or its rear component. With 
selective use of proper power distribution, moving the 
front component to focus offers the advantage of reduc 
ing the range of movement for the moving'component 
from the range of movement required when the objec- 
tive as a whole is moved. However, the front compo 
nent itself must be properly corrected for aberrations. 
Otherwise, the overall aberrations would tend to vary 
substantially during focusing. On the other hand, focus 
ing with the rear member has the advantage of taking 
place in a space where the height of incidence of on 
axial rays is small and facilitates minimization of the 
weight of the movable focusing component. Moreover, 
focusing with the rear member prevents variation of the 
overall length of the objective during focusing and 
results in little shift of the center of gravity. 
The telephoto objective of U.S. Pat. No. 4,045,128 is _ 

focused by moving a sub-group within the objective 
rear group. However, as this sub-group is axially moved 
to focus down on shorter object distances, the focal 
length of the entire optical system‘ becomes shorter. For 
this reason, the image magni?cation at the same object 
distance is lowered as compared with the other focusing 
provision made at the entire system or the front mem 
ber. It is known to provide a telephoto objective with its 
rear group having two sub-groups arranged to be axi 
ally moved in opposite direction to each other to effect 
focusing down, as disclosed in U.S. Pat. No. 3,854,797. 
It is also known to provide a telephoto objective in 
which either one of the front group or the front sub 
group of the rear group is made movable for focusing as 
disclosed in U.S. Pat. No. 4,113,357. However, these 
conventional telephoto objectives when assessed from 
the point of view of a valuable increase in the image 
magni?cation, are incapable of satisfying a sufficient 
picture performance. If focusing is effected down to 
unduly short object distances, there will be a high possi 
blity of calling for a great increase in the range of move 
ment of the focusing member, an objectionable lower 
ing of the picture taking quality, or a large increase in 
the bulk and size of the entire lens system. 
We see again that the optical system of the type capa 

ble of close-up photography is made axially movable 
usually as a whole toward the front to effect focusing. 
In this case, the amount of forward movement of the 
optical system is related to the image magni?cation by 
the following formula (1) 

and the relationship between the image magni?cation 
and the object distance may be expressed by the follow 
ing formula (2) 

21= -(1-1/mr (2) 
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where _ , 

B: the image magni?cation; v 
x’: the amount of forward movement from the posi 

tion for an in?nitely distant object; 
f: the focal length of the entire optical system; and 
g1: the distance from the front principal plane of the 

optical system to an object being photographed. 
Therefore, to achieve a desirable increase in the 

image magni?cation for the same amount of forward 
movement, the use of smaller values of f is advanta 
geous. On theother hand, for the same image magni? 
cation, the object distance may become greater if f is 
increased. In practice, for example, when photograph 
ing a moving object such as an insect or where a great 
degree of freedom is needed in selecting the position of 
the main light source, the so-called working distance 
should be increased. With a 50 mm lens being used for 
taking a close-up photograph of B= -0.5x, the required 
values of forward movement and working distance are 
25 mm and 150 mm respectively. With a 200 mm lens, 
they become 100 mm and 600 mm respectively. How 
ever, the increase in the working distance imposes the 
requirement of imparting a large amount of forward 
movement to the lens. This makes it necessary to elon 
gate the axial length of the usual helicoid focus control, 
or to use long bellows. Moreover, as the image mangi? 
cation is varied by readjusting the position of the lens, 
the resulting large amount of forward movement ad 
versely affects the ease and speed of handling, and the 
way the camera is held must be adapted to cope with a 
large shift in the center of gravity. . 

SUMMARY OF THE INVENTION 
A ?rst object of the present invention is to achieve a 

' valuable increase in the image magni?cation of a tele 
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photo objective. 
A second object is to shorten the minimum object 

distance. 
A third object is to reduce the amounts of movement 

of two lens groups for focusing down to the shortest 
object‘ distance. 
A fourth object is to provide an image of an object at 

a short distance which is well corrected for spherical 
aberration and astigmatism. 
A ?fth object is to prevent lowering of the luminance 

at the marginal portions of the area of the picture frame. 
and vignetting which would be otherwise resulted 
when the frontmost movable lens group is moved to the 
front. - 

A sixth object is to facilitate the increase of the image 
magni?cation by increasing the synthetic focal length of 
the entire system as two movable lens groups are moved 
from a position for an in?nitely distant object to' effect 
focusing down to shorter object distances. 
A seventh object is to make easy and quick focus 

adjustment by lowering the sensitivity of a focusing 
control mechanism as when the lens system is focused 
on an object at in?nity, from that occurring when fo 
cused on an object at shorter distances. 
An eighth object is to regulate the effective on-axial 

pencil as its diameter varies with focusing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a lens block diagram of a ?rst embodiment 
of a telephoto objective according to the present inven 
tion when focused on an‘in?nitely distant object. 
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FIG. 1B is a similar view of the objective when fo 
cused for the unity of image magni?cation. _ 
FIGS. 2A to 26 are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 1 

. when focused at in?nity. 
FIGS. 3A to 3G are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion, and lateral aberrations of the objective of FIG. 1 
when focused for an image magni?cation of 0.1. 
FIGS. 4A to 4G are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 1 
when focused for an image magni?cation of 0.5. 
FIGS. 5A to 56 are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 1 
when focused for the magni?cation of unity. 
FIG. 6A is a lens block diagram of a second embodi 

ment of a telephoto objective according to the present 
invention when focused on an object at in?nity. 
FIG. 6B is a similar diagram of the objective when 

focused for an image magni?cation of 0.5. 
FIGS. 7A to 76 are graphic representations of the 

sherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 6 
when focused at in?nity. 
FIGS. 8A to 8G are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 6 
when focused for an image magni?cation of 0.1. 
FIGS. 9A to 96 are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 6 
when focused for an image magni?cation of 0.5. 
FIG. 10A is a lens block diagram of a third embodi 

ment of a telephoto objective according to the present 
invention when focused on an object at in?nity. 
FIG, 10B is a similar diagram of the objective when 

focused for an image magni?cation of 0.5. 
FIG. 11A to 11G are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 10 
when focused at in?nity. 
FIGS. 12A to 126 are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 10 
when focused for an image magni?cation of 0.1. 
FIGS. 13A to 13G are graphic representations of the 

spherical aberration, sine condition, astigmatism, distor 
tion and lateral aberrations of the objective of FIG. 10 
when focused for an image magni?cation of 0.5. 
FIGS. 14 to 16 are plan views of cam sleeves for 

moving the lens groups in a telephoto objective em 
bodying features of the invention. 
FIGS. 17 and 18 are lens diagrams illustrating the 

effect of the groups of lenses on pencil rays entering the 
lenses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1A, 6A and 10A depict three different exam 
ples of telephoto objectivesin a focusing position for an 
in?nitely distant object. I is a ?rst lens group having a 
positive refractive power and arranged on the object 
side to be axially movable for focusing; II is a second 
lens group having a negative refractive power and ar 

4 
. ranged in a middle position to be axially moved simulta 
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neously with and in the opposite direction to the ?rst 
lens group; and III is a stationary lens group having a 
positive refractive power and arranged on the image 
side. P indicates the surface of a photo-sensitive mate 
rial. Again, a rearmost lens element in the movable ?rst 
lens group I takes a meniscus form convex toward the 
front and plays a role in preventing the picture taking 
quality of the telephoto objective having a compara 
tively long focal length to be lowered during focusing. 
On the other hand, FIG. 1B depicts a lens position 

occurring when focusing is effected down to such an 
object distance that the image magni?cation is unity, 
and FIGS. 6B and 10B depict positions of the respective 
telephoto objectives where the image magni?cation is 
0.5. As shown in each pair of ?gures, as the object 
distance is decreased, the ?rst movable lens group I is 
moved to the front, while the second movable lens 
group II is moved to the rear. In this connection it 
should be noted that it is preferred to make negative the 
synthetic focal length of the second movable lens group 
II and stationary lens group III regardless of the move 
ment of the second movable lens group II. 
For a long lens covering a range of from an in?nitely 

distant shot to a close-up shot, it is desired that the ratio 
of the amount of ‘movement S1 of the ?rst movable lens 
group I to the amount of movement S2 of the second 
movable lens group satis?es a condition of 
0.7< |S1|/|S2| < 1.4, and ‘that a power distribution 
suited for it is employed. 
When the upper limit of this inequality is exceeded, 

the excess movementof the ?rst movable lens group 
causes the spherical aberration and astigmatism to be 
varied to very large extent, and the image quality to be 
deteriorated when in close-up photography. Further 
when in close-up photography, as the distance from the 
diaphragm to the ?rst movable lens group I is increased, 
there will be a high possibility of occurrence of a large 
loss of the brightness in the marginal portion of the 
picture frame and of a mutilation of the pencil which is 
to reach the corners of the picture frame. On the other 
hand, when the lower limit of the inequality is ex 
ceeded, the excess movement of the second movable 
lens group II causes the synthetic focal length of the 
lens to be shortened when in close-up photography so, 
that this contradicts the need of facilitating the close-up 
photography. > 

In general, the amount of forward movement of the 
focusing member is almost proportional to the image 
magni?cation. With the objective covering an extended 
range of image magni?cations from an in?nitely small 
value to as large as 0.5 or unity, therefore, if the focus 
ing control mechanism is so constructed, that the ratio of 
the angle of rotationof the focus adjusting ring to the 
sum of the distances through which the two movable 
lens groups are displaced is maintained constant 
throughout the focusing range, the focusing control in 
the region of ordinary photography will become so far 
sensitive that upon slight rotation of the focus adjusting 
ring, the object distance to which focusing is effected is 
largely changed, thus ?ne adjustment of focusing is 
made very dif?cult to perform. 
To compensate this drawback, the cam grooves con 

trolling the movement of the two movable lens groups 
may be con?gured so that the amounts of movement of 
the ?rst and second movable lens groups relative to the 
angle of rotation of the focus adjusting ring differ be 
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tween when in ordinary photography and when in 
close-up photography. 
FIG. 14 depicts a development surface of the cam 

sleeve for the telephoto objective capable of focusing 
with the variation of image magni?cation from an in? 
nitely small value to 0.5, In the ?gure, C1 is a cam 
groove controlling the axial movement of the ?rst mov 
able lens group I, and C2 is a cam groove'controlling 
the axial movement of the second movable lens group 
II. Engaged in these cam grooves Cl and C2 are cam 
pins (not shown) radially extending from respective 
movable lens cells. The cam grooves C1 and C2 each 
have two sections of different gradient so that when in 
ordinary photography with an object at in?nity or 
down to a moderate distance, the amount of movement 
of each movable lens goup I, II to a certain angle of 
rotation of the cam sleeve becomes smaller, and when in 
focusing to shorter object distances, the relative amount 
of movement of the movable lens group becomes larger. 
Although the cam sleeve of FIG. 14 changes the 

gradient of the both cam grooves, a telephoto objective 
having a comparatively short focal length may take a 
different form of the cam sleeve as shown in FIG. 15 or 
FIG. 16 where either one of the cam grooves C1 and C2 
is made to vary the gradient in two sections so that the 
rate of cam lift is varied therebetween. . 
According to the foregoing description, the cam 

grooves and the cam pins are used in combination so as 
to move the two movable lens groups. However, one of 
the movable lens groups which does not change in the 
movement amount may be moved by the inner and 
outer helicoids. Also in the case where both of the two 
movable lens groups are not changed in their movement 
amounts both groups may be moved by a helicoid. 
Another subject of the present invention is that the _ 

variation with focusing of the effective pencil is made to 
correlate with the variation of the diaphragm aperture. 
In this connection it should be explained that since the 
relative position of the diaphragm to the ?lm plane does 
not change and the ?rst lens group is moved away from 
the diaphragm as in the embodiment of the present 
invention, the effective diameter of the ?rst movable 
lens goup is required to be large enough to unchange 
the effective F-number even when closing up. In gen 
eral, however, the demand for compactness of the lens 
and like reasons often lead to the impossibility of im 
parting a sufficiently large effective diameter into the 
?rst movable lens group. Although the focusing method 
of the present invention is less susceptible to that factor 
because the amount of movement of the ?rst lens group 
is smaller than when the conventional focusing method 
of making movable the front member only is employed, 
as the maximum possible image magni?cation ?cation is 
increased, the additional amount of movement becomes 
impossible to ignore. As schematically shown in FIG. 
17 and particularly FIG. 18, the effective diameter of 
the ?rst movable lens group regulates the on-axial maxi 
mum pencil so that the effective pencil at the diaphragm 
plane is smaller than the maximum diameter of the aper 
ture. Therefore, a zone is created where the brightness 
remains unchanged despite the closing down of the 
diaphragm from the full aperture, and photographic 
situations where an inaccurate exposure control is re 
sulted may be encountered. FIG. 17 shows the tracing 
of a ray of light which is admitted by the full aperture of 
the diaphragm when the lens system is focused at in?n 
ity. FIG. 18 shows the tracing of rays which are admit 
ted by the effective diameter of the ?rst movable-lens 
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6 
group when focusing is effected down to a shorter ob 
ject distance. If the diameter of the ?rst movable lens 
group is so large that the actually admitted pencil passes 
along a dashed line, the F~number is not subject to 
change. When the ?rst lens group is moved to the front, 
the effect is substantially the same as if the ?rst lens 
group were edged down to so small a diameter that, as 
the oblique pencils which the diaphragm allows to pass 
at points between the dashed and solid lines of FIG. 18 
de?ne the limit of the ?eld of view, the closing down of 
the diaphragm is no longer effective to adjust the 
brightness due to the on-axial pencil. 
To avoid this, it is proposed to provide a mechanism 

M for adjusting the diameter of the full aperture in 
response to the focusing ring R. With such mechanism, 
when focusing is performed, the diaphragm is automati 
cally closed down to a diameter coincident with that of 
the effective pencil at the position of the diaphragm, 
thus preventing inconsistency between the actual aper 
ture and the effective pencil when it nears the full one. 
It is noted that the diaphragm can be closed down to a 
desired F-number without the recourse to the mecha 
nism M. 
The provision of the above-described feature gives 

rise to an advantage that the compactness is facilitated 
by the reduction of the diameter of the ?rst movable 
lens group. Another advantage is that the off-axial pen 
cil can be taken off in portions to improve the picture 
taking quality. 
To further facilitate the improvement of the picture 

taking quality, besides the diaphragm of regulating the 
F-number, use may be made of a second diaphragm 
arranged to be axially movable with focusing in such a 
manner that when the second lens group is moved to 
the front, this diaphragm is also moved to the front. 
Taking one numerical example, the advantage of the 

present invention is clari?ed below. Letting f1, i2 and f3 
denote the focal lengths of the ?rst and second movable 
lens groups and the stationary lens group respectively, 
and c1 and c2 the intervals between the principal points 
vof the ?rst and second movable lens groups and be 
tween those of the movable second and stationary third 
lens groups, a telephoto objective in question is charac 
terized by: 

fl = 11933316 el = 42.8 
f2 = —86.456S6 e2 = 55.5 
B = 143.29756 

We now set forth four different examples of ways in ' 
which the objective is focused down to shorter object 
distances as by (1) moving the ?rst and the second lens 
groups I and II in opposite direction to each other, (2) 
bodily moving the entire lens system, (3) moving only 
the ?rst lens group I to the front, and (4) moving only 
the second lens group II to the rear. For each of these 
ways, the focal length, f, object distance, g1, and image 
magni?cation, B, have been evaluated in terms of the 
amount of movement, d, which are taken at two dis 
crete values, and the results are listed in the following 
table. > 

d 1 2 3 4 

10 mm r, 189.2 197.4 197.1 192.0 

B —-O.272 —0.0Sl —0.l39 —0.I35 
29 mm r 173.1 197.4 196.7 182.2 
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—continued —continued 
d l 2 i 3 4 Focal length f = I00 Image angle 21» = l2.35' 

g‘ _496'0. _ 21465 _9062 _866_6 F-number =Rl:4.0 Magnltliacatlon B Td0.~ — LOX Nd 
B -0.536 —O.l0l —0.277 —0.266 5 

14 53.848 2.024 55.50 1.69680 
_ v 15 -73.034 

It will be seen from the table that the amount of Closwp D7 = 43.7838 
movement of the focuslng lens necessary to effect pro- D12 = H219 
duction of an equivalent image magni?cation is far 
smaller in the present invention. Further, the amount of 

Aberration Coef?cient of 3rd Order 
Surface 
No. L T SA ‘ CM AS PT DS 

1 0.01187 _0.00530 1.98373 ' -0.88630 0.39599 0.68179 -0.48154 
2 0.00674 _0.01 181 0.88512 - 1.54991 2.71399 0.04387 -4.82920 
3 0.02681 -0.00635 -0.16486 0.03906 -0.00925 1.10121 -0.25876 
4 -0.04987 0.03225 -1.81104 1.17126 -0.75749 -0.37936 0.73524 
5 0.00590 -0.01072 1.01704 -1.84648 3.35234 -0.20606 -5.71216 
6 0.03l l5 —0.0l05l —0.40857 0.13784 —0.04650 2.30745 —0.76278 
7 -0.03082 0.00964 -0.03505 0.01096 -0.00343 -2.54430 0.79731 
8 _ -0.00974 0.01224 -4.88417 6.13861 -7.71522 -0.45270 10.26575 
9 -0.00250 -0.00407 ' 0.01384 0.02254 0.03670 -0.63638 -o.97653 
10 -0.01069 0.02222 -0.38624 0.80271 - 1.66823 -0.32963 4.15205 
11 0.02234 -0.02304 2.45610 -2.53319 2.61270 0.35605 -3.06194 
12 -0.00400 -0.00343 -0. 13908 -0.11922 -0. 10220 -0.67096 —O.66277 
13 0.00361 0.02347 -0.00088 -0.00576 —0.03746 0.34889 2.02213 
14 -0.01142 ~0.01512 -0.02034 -0.02694 - 0.03568 —0.06570 4 0.13427 
15 0.00950 -0.00792 1.57015 - 1.30901 1.09130 0.56227 — 1.37856 

T0181 -0.001 10 0.00152 0.07574 0.04615 -'0. 17245 0.1 1646 -0.28605 

L: Longitudinal Chromatic Aberration 
T: Transverse Chromatic Aberration 
SA: Spherical Aberration 
CM: Coma 
AS: Astigmatism 
PT: Petzval Sum 
DS: Distortion 

variation of the focal length with the production of an 3.5 EXAMPLE 2 
equivalent image magni?cation when in the focusing 
method (1) takes an intermediate value between those f ‘00 F 40 2 12 35° 0, osx 
when in the methods (3) and (4). That is, according to " R / ' m ‘D ' . Bud- f~~ ' Nd 

the present invention, an elongation of the focal length 40 l 75 061 4 000 63 40 I 61800 
and an increase of the image magni?cation can be 2 _59'869 i054 ' 1' 
achieved by a decreased amount of movement, and the 3 40032 L400 2660 116182 
shift of the center of gravity during focusing is made 4 -285.675 0.250 1. 
smaller next to the method of moving the second lens 2 ‘2235,13 3320 63-40 {61300 
group to the rear‘ . . . 45 ' 7 '-52.s34 1.250 66.10 1.49388 
Three examples of speci?c telephoto ObJCCtlVCS may 8 51928 9 L868 1. 

be constructed in accordance with the ‘numerical data 9 -69.542 2.250 25.40 1.80518 
given below for the radii of curvature, R, the axial :(l) 152x510 60-70 {60311 
thicknesses and separations, D, along with the'Abbe ' ' 

. . . 12 184.454 1.250 25.40 l.805l8 
numbers, Vd, and thé mdtces Of refraction, Nd, for the so 13 “A89 5_Qo0 49_6O 117250 
various lens elements. The focal length is normalized to 14 -49.163 7 
100 mm- Close-up D6 = 23.4562 

Dll = 8.0482 EXAMPLE 1 

55 EXAMPLE 3 Focal length 1' = 100 Image angle 26: = 12.35‘ 
F-number = 1:4.0 Magni?cation B = 0.~—l.0X 

R D vd Nd 

1 48.068 3.290 70.10 1.48749 f = 100 {/40 2'” = $235 By: °'~_°'5)§,d 
2 -746.918 0.101 1. 
3 37.358 2.024 30.10 1.69895 60 1 49.178 3.500 53.90 1.71300 
4 22.056 5.062 70.10 1.48749 2 - 3447.931 0.100 ‘ 1. 

5 159.043 3.821 1. 1 3 37.103 4.250 53.90 1.71300 , 
6 18.191 2.024 38.00 1.72342 4 -526.460 0.382 1.1 
7 16.497 D7 1. 5 ~~321.772 1.500 26.60 1.76182 
8 -72.392 1.265 70.10 1.48749 6 49.104 4.269 1. 
9 51.498 1.648 1. 65 7 19.552 2.000 35.80 1.66446 
10 - 137.953 2.024, 37.20 1.83400 8 16.425 D8 1. 
11 -35.673 1.012 70.10 1.48749 I 9 -103.727 - 2.250 38.00 1.72342 
12 48.844 D12 1. 10 -22.829 1.064 60.70 1.60311 
13 127.841 1.265 25.40 1.80518 11 208.160 5.419 1. 






